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PROBLEM TO BE SOLVED: To prevent an element 
from being damaged due to contact of a ridge with a 
heat sink by laminating a . cladding layer and a 
contact layer on a laser structure in this order, 
forming ridge stripes on the top of flat areas on 
both sides, and forming a buried layer in the 
stripes out of polycrystalline insulating material. 

SOLUTION: A ridge-type semiconductor laser 
consists of a structural layer comprising a cladding 
layer 3 of n-type AIGaN, a guide layer 4, an active 
layer 5, a guide layer 6, and a cladding layer 7 of 
p-type AIGaN. This structural layer is formed by 
forming a current path layer 2 of n-type GaN on a 
sapphire substrate 1 t forming flat areas 14 on both 
sides of the cladding layer 7 and ridge stripes 15, 
and forming a contact layer of p-type GaN and 
electrodes 40 and 30 on the flat top of the stripes 
15. A buried layer 21 is formed in the stripes 15 on 
the both-side flat areas 14 using a polycrystalline 
insulating material of AIN having a lower refractive 



index than that of the laser structural layer. Since 
the buried layer 21 is polycrystallineV cracking '"due 
to a difference in lattice constant does not occur 
between it and the AIGaN portions. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim] 

[Claim 1] The process which is the manufacture technique of the ridge type 
semiconductor laser which has a ridge stripe, and forms the laser substrate which carried 
out the laminating of the clad layer and the required contact layer of a ridge: stripe 
material to order on the laser structure layer on a laser structure layer, The process which 
forms the stripe electrode of a ridge stripe pattern on the aforementioned clad layer and a 
required contact layer that the ridge stripe which projects from a both-sides flat part and 
these, and has the flat top section should be formed, The process which carries out the 
etching of the parts for a clad layer other than the clad layer covered by the 
aforementioned stripe electrode, and forms a ridge stripe and a both-sides flat part, The 
embedding stratification process which forms the embedding layer which deposits' the 
polycrystal insulating material which makes a principal component A1N which has a 
refractive index lower than the refractive index of a laser structure layer on the 
aforementioned both-sides flat part, and sandwiches the aforementioned ridge stripe, The 
semiconductor laser manufacture technique characterized by including the process which 
removes the layer on the aforementioned stripe electrode, is made to expose the 
aforementioned stripe electrode, and forms the flat top section, and the process which 
forms an electrode on the aforementioned flat top section. 

[Claim 2] The semiconductor laser manufacture technique of the claim 1 publication 
characterized by being the multilayer to which the aforementioned laser structure layer 
makes a principal component l(AlxGal-x)-yInyN (0<=x<=l, 0<=y<=l). 
[Claim 3] The aforementioned embedding stratification process is the claim 1 
characterized by including a spatter process, or the semiconductor laser manufacture 
technique given in two. 

[Claim 4] Semiconductor laser characterized by having the embedding layer which 
deposits the polycrystal insulating material which makes a principal component A1N 
which has a refractive index lower than the refractive index of ridge type semiconductor 
laser ****** which has a both-sides flat part and the ridge stripe which has the flat top 
section which is projected from these, and by which an electrode is formed on a laser 
structure layer, and a laser structure layer on the aforementioned both-sides flat part, and 
sandwiches the aforementioned ridge stripe. 

[Claim 5] Semiconductor laser of the claim 4 publication characterized by being the 
multilayer to which the aforementioned laser structure layer makes a principal component 
l(AlxGal-x)-yInyN(0<=x<=l,0<=y<=l). 

[Claim 6] The polycrystal insulating material which makes the above A1N a principal 
component is semiconductor laser the claim 4 characterized by being A1N, or given in 
five. 
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DETAILED DESCRIPTION 



[Detailed description] 
[0001] 

[The technical field to which invention belongs] this invention relates to 
semiconductor laser and its manufacture technique. ±. - « ' 

[0002] — ~ ^ :V " 

[Prior art] Semiconductor laser is known as an element which it is used for the light 
source of optical-pickup equipment of in read-out / optical information record 
regenerative apparatus to write in for a signal from an optical disk, and also may be 
applied to optical transmission systems, such as optical CATV, the pump light source 
of high-density information record SHG short wavelength laser or small solid state 
laser, an optical instrumentation field, etc. In order to operate by the small current and 
to perform a longitudinal direction single-mode oscillation, it is necessary to confine 
the electron, the electron hole, and oscillation light in a semiconductor in a parvus 
field. In the pn junction perpendicular direction, it has shut up by double hetero 
structure etc. Although there is gain **** structure as technique of restricting the 
photogenesis field of laser, about orientation parallel to a junction, in order that a 
front may generally be distorted and astigmatism may come out of this, for the 
intended use of the light source for disk read, the semiconductor laser of refractive- 
index **** structure is used. Refractive-index **** structure is the structure where 
carry out forming not only a junction perpendicular direction but a ridge stripe etc., 
and a junction parallel direction also faces across a photogenesis field at the charge of 
a clad plate with a low refractive index. 

[0003] Since the effective refractive index to the light which spreads the guide layer of 
the ridge lower part will become large a little from the other fraction if a part of clad 
layers other than the fraction of a current injection field are removed by etching etc. 
and a ridge stripe is formed, light is shut up by the ridge lower fraction. An electrode 
is prepared in the ridge upper part, and a current is poured in and it is made to oscillate 
between an electrode and a substrate in ridge type semiconductor laser. 
[0004] 

[Object of the Invention] On the other hand, occurrence of heat becomes a problem 
when using semiconductor laser by continuous oscillation. Then, in order to improve 
thermolysis, mounting of the so-called junction down the electrode of the ridge upper 
part is contacted [ the down ] to a heat sink is performed. Since the width of face of 
the projected ridge fraction is several [ only ] micrometers when it is going to perform 
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this installation techn ique, there is a problem by which an element will be destroyed in 
this ** with a heat sink. 

[0005] Then, the need of carrying out the flattening of the side from which the ridge 
stripe fraction of laser is made arises. It embeds to the almost same height as a ridge 
stripe fraction, and considers forming and carrying out the flattening of the layer. 
However, in Si02, along with the side attachment wall of the ridge section, it had to 
form thinly, the flattening was difficult, and selection of an embedding material was 
difficult. 

[0006] Then, it aims at offering the ridge type semiconductor laser which has a ridge 
stripe on the laser structure layer which can be equal to junction down mounting, and 
its manufacture technique in this invention. 
[0007] 

[The means for solving a technical problem] The process which this invention is the 
manufacture technique of the ridge type semiconductor laser which has a ridge stripe 
on a laser structure layer, and forms the laser substrate which carried out the 
laminating of the clad layer and the required contact layer of a ridge stripe material to 
"order on a laser structure layer, The process which forms the stripe electrode of a ridge 
stripe pattern on the aforementioned clad layer and a required contact layer that the 
ridge stripe which projects from a both-sides flat part and these, and has the flat top 
section should be formed, The process which carries out the etching of the parts for a 
clad layer other than the clad layer covered by the aforementioned stripe electrode, 
and forms a ridge stripe and a both-sides flat part, The process which forms the 
embedding layer which deposits the poly crystal insulating material which makes a 
principal component A1N which has a refractive index lower than the refractive index 
of a laser structure layer on the aforementioned both-sides flat part, and sandwiches 
the aforementioned ridge stripe, It is characterized by including the process which 
removes the layer on the aforementioned stripe electrode, is made to expose the 
aforementioned stripe electrode, and forms the flat top section, and the process which 
forms an electrode on the aforementioned flat top section. 

[0008] In the manufacture technique of the semiconductor laser of this invention, it is 
characterized by being the multilayer to which the aforementioned laser structure layer 
makes a principal component l(AlxGal-x)-yInyN (0<=x<=l, 0<=y<=l). In the 
manufacture technique of the semiconductor laser of this invention, it is characterized 
by the aforementioned embedding stratification process including a spatter process. 
[0009] The semiconductor laser of this invention is characterized by having the 
embedding layer which deposits the polycrystal insulating material which makes a 
principal component A1N which has a refractive index lower than the refractive index 
of ridge type semiconductor laser ****** which has a both-sides flat part and the 
ridge stripe which has the flat top section which is projected from these, and by which 
an electrode is formed on a laser structure layer, and a laser structure layer on the 
aforementioned both-sides flat part, and sandwiches the aforementioned ridee stripe 
[0010] 

[Gestalt of implementation of invention] Hereafter, the example of this invention is 
explained, referring to a drawing. First, the ridge stripe embedding technique in the n 
type semiconductor layer in the ridge type semiconductor laser which has a ridge 
stripe is explained. Ridge type semiconductor laser is shown in drawing 1 . This ridge 
type semiconductor laser has the laser structure which consists of the clad layer 3 of n 
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type AIGaN, the guide layer 4 of n type GaN, the barrier layer 5 of InGaN, a guide 
layer 6 of p type GaN, and a clad layer 7 of p type AIGaN. A laser structure layer is a 
multilayer which makes a principal component l(AlxGal-x)-yInyN (0<=x<=l, 
0<= y <=i). i n or der to form this laser structure layer on the silicon on sapphire'l in 
which the current path layer 2 of n type GaN was formed and to shut up light, the 
ridge stripe 15 for which the clad layer 7 of p type AIGaN projects from the b'oth-sides 
flat part 14 into which it was etched, and these is formed on the laser structure layer. 
Moreover, the contact layer 8 of p type GaN, and the stripe-like 2nd electrode 40 are 
formed in the flat top section of the ridge stripe 15, and the p lateral electrode 30 is 
further formed on it. 

[001 1] This ridge type semiconductor laser has the embedding layer 21 which 
sandwiches the ridge stripe 15 which deposited the polycrystal insulating material 
which makes a principal component A IN which has a refractive index lower than the 
refractive index of a laser structure layer on the both-sides flat part 14. Although the 
polycrystal insulating material which makes A IN of this embedding layer a principal 
component was A1N in this example, in the case of the III-V group of the usual 
conventional material system used for -semiconductor laser, the l¥ser itself and the 
thing of large composition of the band gap of the same crystal material system were 
used as an insulating material for embedding layer 21 of the above. Since the 
refractive index became small, large composition of a band-gap value also produced 
the effective-refractive-index step by this, and was also able to perform eye ********. 

[0012] Moreover, since perfect grid matching was conventionally acquired between 
the embedding layer 21 and laser structure in the case of the material system, the 
epitaxial re-growth without the continuous crystal defect was possible. In the case of 
the conventional nitride semiconductor laser, the material composition which should 
be used for the embedding layer 21 is AlxGal-xN, to proportion y of AlyGal-yN of 
the clad layer in which this proportion x constitutes laser structure, unless it is x>y, a 
desirable light closes and eye ** is not obtained. Generally, in AlzGal-zN, unlike ' 
AlGaAs system, a lattice constant becomes small with the increase in proportion z. 
Therefore, a tensile stress strong against the embedding layer 21 will occur. 
Consequently, a crack will occur at the time of re-growth of the embedding layer 21, 
and a crack will be spread also for the ridge stripe 1 5. A crack occurs because it is 
made to form by the epitaxial growth grids connected and grow up to be. 
[0013] Although what is necessary will be just to form the conventional embedding 
layer 21 by Si02 (glassy) etc., there are three problems in this case. Heat conduction 
bad (0.014 W/cmK) very much, and Si02 checks [ 1st ] thermolysis of semiconductor 
laser. The coefficient of thermal expansion of Si02 gives [ 2nd ] distortion extremely 
to the semiconductor laser element itself by the parvus's (5x10-7 deg-1). The 
expansion coefficient of GaN is 5.6x10-6. It is because it is deg- 1 . Therefore, Si02 
thickness cannot be thickened but the flattening is difficult, a refractive-index 
difference is too large and the refractive index of Si02 tends to become [ 3rd ] too 
(about 1.46) small a high order (width - high order) mode oscillation 
[0014] Then, at the semiconductor laser of this invention, it is going to perform this 
embedding by the polycrystal insulating material which makes AINs, such as A1N of a 
polycrystal, a principal component. Since the embedding layer 21 is polycrystal, the 
crack by the difference of a lattice constant does not occur between AIGaN fractions 
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which are laser structure. The physical-properties value of an embedding layer 
material is shown in Table 1 . 
[0015] 
[Table 1] 

Thermal conductivity A coefficient of themial expansion Refractive index A1N (single 
crystal) 2.85 W/cmK 2.15 AIN (polycrystal) 1.7 W/craK 4.3x10-6 deg-1 Si02 0.014 
W/cmK 5x10-7 deg-1 1.46 GaN (single crystal) 1.3 W/cmK 5.6x10-6 Since deg-1 2.8 
and AIN are usually insulators, the embedding layer 21 does not transmit a current at 
all. Therefore, it is hard to produce the problem of the parasitic capacitance produced 
when it embeds by the n-type semiconductor like before. 

[0016] As mentioned above, since the advantage of this invention which used AIN for 
the embedding layer 21 is good, its thermal conductivity is advantageous to 
thermolysis, and it is more moderate than a low refractive. index and Si02 from GaN 
at the high refractive index. [ of thermal conductivity ] Moreover, occurrence of 
asymmetry according [ a coefficient of thermal expansion ] to quite near and heat is 
suppressed by GaN of laser structure. Since AIN is a nearly perfect insulator, it does 
not have the leak oTa current and does hot have the parasitic-capacitance occurrence 
based on excessive pn junction. Furthermore, the advantage of this invention does not 
have occurrence of the crack resulting from grid mismatching, in order to form the 
embedding layer 21 in the shape of polycrystal by the spatter technique etc. In case of 
the embedding process, the high equipment of a running cost like CVD kiln is 
unnecessary. 

[0017] Below, the example of the technique of producing the semiconductor laser of 
GaN system is explained from drawing 2 to up to the silicon on sapphire by this 
invention based on drawing 10. As shown in drawing 2 , the wafer of silicon on 
sapphire 1 is prepared and clarification of the front face is carried out by the organic 
solvent etc. on it first, by the predetermined epitaxial growth technique, the organic- 
metal vapor growth, the molecular-beam grown method, etc. The current path layer 2 
of n type GaN, the clad layer 3 of n type AlGaN, the guide layer 4 of n type GaN, the 
barrier layer 5 of InGaN, the guide layer 6 of p type GaN, the clad layer 7 of p type 
AlGaN, and the contact layer 8 of p type GaN are **** e d in this order, and a laser 
substrate wafer is produced. Moreover, in growth of the guide layer 6, the clad layer 7, 
and the contact layer 8, Mg is doped that it should consider as p type. In addition, you 
may prepare AIN buffer layer (not shown) between silicon on sapphire 1 and the 
current path layer 2 of n type GaN. 

[0018] Next, since the layer which carried out Mg dope is insulation if it remains as it 
is 3 it heat-treats a substrate wafer in N2 gas, and forms the guide layer 6, the clad layer 
7, and the contact layer 8 into p mold. Next, nickel is made to -ed ** by resistance 
heating vacuum evaporationo all over contact layer of wafer 8. Next, as shown in 
drawing 3 , patterning of the nickel layer 9 is carried out using the usual process by 
the photoresist and wet etching. 

[0019] Next, as shown in drawing 4 , reactive ion etching (RIE) using C12 gas 
performs dry etching, using the nickel layer 9 as a mask, it removes to the clad layer 3 
of n type AlGaN, and the current path layer 2 of n type GaN is exposed. Next, a 
photoresist layer is applied, and by wet etching, as shown in drawing 5 , the pattern of 
the photoresists 17a and 17b for formation of the fraction which should serve as a 
ridge stripe, p lateral-electrode section, and n lateral-electrode section is made. 
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Especially photoresist 17a leaves predetermined width of face for the nickel layer 9 
and it is used in order to form the 2nd electrode 40 of the shape of a stripe of nickel' 
layer. 

[0020] Next, as shown in drawing 6 , the 2nd electrode 40 of photoresist 17a and 
nickel is used as a mask, by the dry etching of RIE using C12 gas, the etching of a part 
of contact layer 8 of p type GaN and clad layer 7 of p type AlGaN is carried out, and 
the stripe 15 of the ridge section is formed. At this time, etching is stopped in the 
middle of the clad layer 7 of p type AlGaN. 

[0021] Next, as shown in djiwing_7 , it forms so that a polycrystal A1N layer may be 
made to deposit to the level of the top of the 2nd electrode 40, that is, the embedding 
layer 21 and the 2nd electrode 40 of the ridge stripe 15 may become the same height 
by the reactive sputtering system using aluminum target, N2 gas, and Ar gas. Next, as 
shown in drawingj? , elimination liquid removes photoresists 1 7a and 1 7b, this 
removes A1N layer which suited on each resist pattern by the lift off, and the 2nd 
electrode 40 of nickel and a part of current path layer 2 of n type GaN are exposed. 
[0022] next - the nickel 2nd electrode 40 top exposed as shown in drawing 9 -- for the 
n lateral electrodeJ3-l. 5 t-vaeuumr deposition of the electrode material is earned out to the 
order of Ti and Au on the current path layer 2 of n type GaN in the order of Cr and Au 
for the p lateral electrode 30, and electrode formation is earned out, respectively Then, 
semiconductor laser is completed by the predetermined process. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[The technical field to which invention belongs] this invention relates to semiconductor 
laser and its manufacture technique. 



[Translation done.]!^ 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

PRIOR ART 



[Prior art] Semiconductor laser is known as an element which it is used for the light 
source of optical-pickup equipment of in read-out / optical information record 
regenerative apparatus to write in for a signal from an optical disk, and also may be 
applied to optical transmission systems, such as optical CATV, the pump light source of 
™ "^higll-density information record SHG short wavelength laser or small solid state laseiVan 
optical instrumentation field, etc. In order to operate by the small current and to perform 
a longitudinal direction single-mode oscillation, it is necessary to confine the electron, the 
electron hole, and oscillation light in a semiconductor in a parvus field. In the pn junction 
perpendicular direction, it has shut up by double hetero structure etc. Although there is 
gain **** structure as technique of restricting the photogenesis field of laser, about 
orientation parallel to a junction, in order that a wave front may generally be distorted 
and astigmatism may come out of this, for the intended use of the light source for disk 
read, the semiconductor laser of refractive-index **** structure is used. Refractive-index 
**** structure is the structure where carry out forming not only a junction perpendicular 
direction but a ridge stripe etc., and a junction parallel direction also faces across a. 
photogenesis field at the charge of a clad plate with a low refractive index. 
[0003] Since the effective refractive index to the light which spreads the guide layer of 
the ridge lower part will become large a little from the other fraction if a part of clad 
layers other than the fraction of a current injection field are removed by etching etc. and a 
ridge stripe is formed, light is shut up by the ridge lower fraction. An electrode is 
prepared in the ridge upper part, and a current is poured in and it is made to oscillate 
between an electrode and a substrate in ridge type semiconductor laser. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
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TECHNICAL PROBLEM 



[Object of the Invention] On the other hand, occurrence of heat becomes a problem when 
using semiconductor laser by continuous oscillation. Then, in order to improve 
thermolysis, mounting of the so-called junction down the electrode of the ridge upper part 
„_is contacted [ the down ] to a heat sink is performed. Since the width of face of the - 
projected ridge fraction is several [ only ] micrometers when it is going to perform'thiT 
installation technique, there is a problem by which an element will be destroyed in this ** 
with a heat sink. 

[0005] Then, the need of carrying out the flattening of the side from which the ridge 
stripe fraction of laser is made arises. It embeds to the almost same height as a ridge 
stripe fraction, and considers forming and carrying out the flattening of the layer. 
However, in Si02, along with the side attachment wall of the ridge section, it had to form 
thinly, the flattening was difficult, and selection of an embedding material was difficult. 
[0006] Then, it aims at offering the ridge type semiconductor laser which has a ridge 
stripe on the laser structure layer which can be equal to junction down mounting, and its 
manufacture technique in this invention. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

MEANS ~~~~~ ~ ' 

[The means for solving a technical problem] The process which this invention is the * 
manufacture technique of the ridge type semiconductor laser which has a ridge stripe 
on a laser structure layer, and forms the laser substrate which carried out the 
laminating of the clad layer and the required contact layer of a ridge stripe material to 
' order on a laser structure layer, The process which forms the stripe electrode of a ridge 
stripe pattern on the aforementioned clad layer and a required contact layer that the 
ridge stripe which projects from a both-sides flat part and these, and has the flat top 
section should be formed, The'process which carries out the etching of the parts for a 
clad layer other than the clad layer covered by the aforementioned stripe electrode, 
and forms a ridge stripe and a both-sides flat part, The process which forms the 
embedding layer which deposits the polycrystal insulating material which makes a 
principal component A1N which has a refractive index lower than the refractive index 
of a laser structure layer on the aforementioned both-sides flat part, and sandwiches 
the aforementioned ridge stripe, It is characterized by including the process which 
removes the layer on the aforementioned stripe electrode, is made to expose the 
aforementioned stripe electrode, and forms the flat top section, and the process which 
forms an electrode on the aforementioned flat top section. 

[0008] In the manufacture technique of the semiconductor laser of this invention, it is 
characterized by being the multilayer to which the aforementioned laser structure layer 
makes a principal component 1 (AlxGal -x)-yInyN (0<=x<= 1 , 0<=y<= 1 ). In the 
manufacture technique of the semiconductor laser of this invention, it is characterized 
by the aforementioned embedding stratification process including a spatter process. 
[0009] The semiconductor laser of this invention is characterized by having the 
embedding layer which deposits the polycrystal insulating material which makes a 
principal component A1N which has a refractive index lower than the refractive index 
of ridge type semiconductor laser ****** which has a both-sides flat part and the 
ridge stripe which has the flat top section which is projected from these, and by which 
an electrode is formed on a laser structure layer, and a laser structure layer on the 
aforementioned both-sides flat part, and sandwiches the aforementioned ridge strioe 
[0010] • 

[Gestalt of implementation of invention] Hereafter, the example of this invention is 
explained, referring to a drawing. First, the ridge stripe embedding technique in the n 
type semiconductor layer in the ridge type semiconductor laser which has a ridge 
stripe is explained. Ridge type semiconductor laser is shown in drawing 1 . This ridge 
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type semiconductor laser has the laser structure which consists of the clad layer 3 of n 
type AlGaN, the guide layer 4 of n type GaN, the barrier layer 5 of InGaN, a guide 
layer 6 of p type GaN, and a clad layer 7 of p type AlGaN. A laser structure layer is a 
multilayer which makes a principal component l(AlxGal-x)-yInyN (0<=x<=l, 
0<=y<=l). In order to form this laser structure layer on the silicon on sapphire'l in 
which the cun-ent path layer 2 of n type GaN was formed and to shut up light, the 
ridge stripe 15 for which the clad layer 7 of p type AlGaN projects from the b'oth-sides 
flat part 14 into which it was etched, and these is formed on the laser structure layer. 
Moreover, the contact layer 8 of p type GaN, and the stripe-like 2nd electrode 40 are 
formed in the flat top section of the ridge stripe 15, and the p lateral electrode 30 is 
further formed on it. 

[00 1 1 ] This ridge_ type semiconductor laser has the embedding layer 2 1 which 
sandwiches the ridge stripe 15 which deposited the polycrystal insulating material 
which makes a principal component A1N which has a refractive index lower than the 
refractive index of a laser structure layer on the both-sides flat part 14. Although the 
polycrystal insulating material which makes A IN of this embedding layer a principal 
component was AIN in this example, in the case ofthe III-V group of the usual 
conventional material system used for semiconductor laser, the laser itself and the 
thing of large composition of the band gap of the same crystal material system were 
used as an insulating material for embedding layer 21 ofthe above. Since the 
refractive index became small, large composition of a band-gap value also produced 
the effective-refractive-index step by this, and was also able to perform eye********. 

[0012] Moreover, since perfect grid matching was conventionally acquired between 
the embedding layer 21 and laser structure in the case ofthe material system, the 
epitaxial re-growth without the continuous crystal defect was possible. In the case of 
the conventional nitride semiconductor laser, the material composition which should 
be used for the embedding layer 21 is AlxGal-xN, to proportion y of AlyGal-yN of 
the clad layer in which this proportion x constitutes laser structure, unless it is x>y, a 
desirable light closes and eye ** is not obtained. Generally, in AlzGal-zN, unlike ' 
AlGaAs system, a lattice constant becomes small with the increase in proportion z. 
Therefore, a tensile stress strong against the embedding layer 2 1 will occur. 
Consequently, a crack will occur at the time of re-growth ofthe embedding layer 21, 
and a crack will be spread also for the ridge stripe 15. A crack occurs because it is 
made to form by the epitaxial growth grids connected and grow up to be. 
[0013] Although what is necessary will be just to form the conventional embedding 
layer 21 by Si02 (glassy) etc., there are three problems in this case. Heat conduction 
bad (0.014 W/cmK) very much, and Si02 checks [ 1st ] thermolysis of semiconductor 
laser. The coefficient of thermal expansion of Si02 gives [ 2nd ] distortion extremely 
to the semiconductor laser element itself by the parvus's (5x10-7 deg-1). The 
expansion coefficient of GaN is 5.6x10-6. It is because it is deg-1. Therefore, Si02 
thickness cannot be thickened but the flattening is difficult, a refractive-index 
difference is too large and the refractive index of Si02 tends to become [ 3rd ] too 
(about 1 .46) small a high order (width ~ high order) mode oscillation 
[0014] Then, at the semiconductor laser of this invention, it is going to perform this 
embedding by the polycrystal insulating material which makes AINs, such as AIN of a 
polycrystal, a. principal component. Since the embedding layer 21 is polycrystal, the 
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crack by the difference of a lattice constant does not occur between AIGaN fractions 
which are laser structure. The physical-properties value of an embedding layer 
material is shown in Table 1. 
[0015] 
[Table 1] 

Thermal conductivity A coefficient of thermal expansion Refractive index A IN (single 
crystal) 2.85 W/cmK 2.15 A1N (polycrystal) 1.7 W/cmK 4.3x10-6 deg-1 Si02 0.014 
W/cmK 5x10-7 deg-1 1.46 GaN (single crystal) 1.3 W/cmK 5.6x10-6 Since deg-1 2.8 
and A1N are usually insulators, the embedding layer 2 1 does not transmit a current at 
all. Therefore, it is hard to produce the problem of the parasitic capacitance produced 
when it embeds by the n-type semiconductor like before. 

[0016] As mentioned above, since the advantage of this invention which used A1N for 
the embedding layer 21 is good, its thermal conductivity is advantageous to 
thermolysis, and it is more moderate than a low refractive index and Si02 from GaN 
at the high refractive index. [ of thermal conductivity ] Moreover, occurrence of 
asymmetry according [ a coefficient of thermal expansion ] to quite near and heat is 
~ suppressed by GaN of laser structurer Since A1N is a nearly perfect insulator; it does 
not have the leak of a current and does not have the parasitic-capacitance occurrence 
based on excessive pn junction. Furthermore, the advantage of this invention does not 
have occurrence of the crack resulting from grid mismatching, in order to form the 
embedding layer 21 in the shape of polycrystal by the spatter technique etc. In case of 
the embedding process, the high equipment of a running cost like CVD kiln is 
unnecessary. 

[0017] Below, the example of the technique of producing the semiconductor laser of 
GaN system is explained from drawing 2 to up to the silicon on sapphire by this 
invention based on drawing 10. As shown in drawing 2 , the wafer of silicon on 
sapphire 1 is prepared and clarification of the front face is carried out by the organic 
solvent etc. on it first, by the predetermined epitaxial growth technique, the organic- 
metal vapor growth, the molecular-beam grown method, etc. The current path layer 2 
of n type GaN, the clad layer 3 of n type AIGaN, the guide layer 4 of n type GaN, the 
barrier layer 5 of InGaN, the guide layer 6 of p type GaN, the clad layer 7 of p type 
AIGaN, and the contact layer 8 of p type GaN are ****ed in this order, and a laser 
substrate wafer is produced. Moreover, in growth of the guide layer 6, the clad layer 7, 
and the contact layer 8, Mg is doped that it should consider as p type. In addition, you' 
may prepare A1N buffer layer (not shown) between silicon on sapphire 1 and the' 
current path layer 2 of n type GaN. 

[0018] Next, since the layer which carried out Mg dope is insulation if it remains as it 
is, it heat-treats a substrate wafer in N2 gas, and forms the guide layer 6, the clad layer 
7, and the contact layer 8 into p mold. Next, nickel is made to -ed ** by resistance 
heating vacuum evaporationo all over contact layer of wafer 8. Next, as shown in 
drawing 3 , patterning of the nickel layer 9 is carried out using the usual process by 
the photoresist and wet etching. 

[0019] Next, as shown in drawings , reactive ion etching (RIE) using C12 gas 
performs dry etching, using the nickel layer 9 as a mask, it removes to the clad layer 3 
of n type AIGaN, and the current path layer 2 of n type GaN is exposed. Next, a 
photoresist layer is applied, and by wet etching, as shown in drawing 5 , the pattern of 
the photoresists 17a and 17b for formation of the fraction which should serve as a 
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ridge stripe, p lateral-electrode section, and n lateral -electrode section is made. 
Especially photoresist 17a leaves predetermined width of face for the nickel layer 9, 
and it is used in order to form the 2nd electrode 40 of the shape of a stripe of nickel 
layer. 

[0020] Next, as shown in drawin g 6 3 the 2nd electrode 40 of photoresist 17a and 
nickel is used as a mask, by the dry etching of RJE using C12 gas, the etching of a part 
of contact layer 8 of p type GaN and clad layer 7 of p type AlGaN is carried out, and 
the stripe 15 of the ridge section is formed. At this time, etching is stopped in the 
middle of the clad layer 7 of p type AlGaN. 

[0021] Next, as shown in drawing 7 , it forms so that a polycrystal A1N layer may be 
made to deposit to the level of the top of the 2nd electrode 40, that is, the embedding 
layer 21 and the 2nd electrode 40 of the ridge stripe 15 may become the same height - 
by the reactive sputtering system using aluminum target, N2 gas, and Ar gas. Next, as 
shown in drawing 8 , elimination liquid removes photoresists 17a and 17b, this 
removes A1N layer which suited on each resist pattern by the lift off, and the 2nd 
electrode 40 of nickel and a part of current path layer 2 of n type GaN are exposed. 
[0022] next - the nickel 2nd electrode 40 top" exposed as shown in drawing 9 — for the ~ 
n lateral electrode 31, vacuum deposition of the electrode materiahis carried out to the 
order of Ti and Au on the current path layer 2 of n type GaN in the order of Cr and Au 
for the p lateral electrode 30, and electrode formation is carried out, respectively Then, 
semiconductor laser is completed by the predetermined process. 



[Translation done.] 



hitp://ww\v4.ipdl jpo.go.jp/cgi-bin/tran_web_cgi_ejie 



08.05.02 



Seite 1 von 1 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[An easy explanation of a drawing] 

[ Drawing 1 ] It is the outline perspective diagram of semiconductor laser. 

[ Drawing 2 ] It is the outline cross section of the laser substrate in the manufacturing 

process of the semiconductor laser of the example by this invention. 

[ Drawing 3 ] ft IslKe outline cross sectionof the laser 'substrate in the manufacturing 

process of the semiconductor laser of the example by this invention. 

[ DrawiQg_4 ] It is the outline cross section of the laser substrate in the manufacturing 

process of the semiconductor laser of the example by this invention. 

[ Drawing 5 ] It is the outline cross section of the laser substrate in the manufacturing 

process of the semiconductor laser of the example by this invention. 

[ Drawing 6 ] It is the outline cross section of the laser substrate in the manufacturing 

process of the semiconductor laser of the example by this invention. 

[ Drawing. 7 ] It is the outline cross section of the laser substrate in the manufacturing 

process of the semiconductor laser of the example by this invention. 

[ Drawing 8 ] It is the outline cross section of the laser substrate in the manufacturing 

process of the semiconductor laser of the example by this invention. 

[ Drawing 9 ] It is . the outline cross section of the laser substrate in the manufacturing 

process of the semiconductor laser of the example by this invention. 

[An explanation of the sign of main fractions] 

1 Silicon on Sapphire 

2 Current Path Layer of N Type GaN 

3 Clad Layer of N Type AlGaN 

4 Guide Layer of N Type GaN 

5 Barrier Layer of InGaN 

6 Guide Layer of P Type GaN 

7 Clad Layer of P Type AlGaN 

8 Contact Layer of P Type GaN 

14 Both-Sides Flat Part 

1 5 Ridge Stripe 
15a Flat top section 

1 7a 5 1 7b Resist layer 
21 Embedding Layer 
30, 31 P lateral electrode 
40 2nd Electrode 
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DRAWINGS 




[ Drawing 2 ] 




[ Drawing 3 ] 




[ Drawing 5 ] 
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[ Dr awing 6 ] 




[ Drawing 1. ] 




[ Draw in g 8 ] 



[ Drawing 9 ] 




[Translation done.] 



http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgi_ejje 



08.05.02 



Seite 1 von 1 



(l9)B*Sfr»=/f <J P) <12) & 59 *f# & (A) 



#832000-188440 
(P2000-18&44OA) 
(43>&WB ^12^7^4 8(2000.7. 4) 



n v l o o/cct 

U rt 1 J* QQ/fWl 


- 


r 1 T-T3-h (^#) 
HOIS 3/18 665 6F041 
HO 1L oS/OQ C 5 F 0 7 S 

&£sfc£ ifcafrfc 3gJfcJ33<Z>8:6 OL (i6H) 




ttS6¥l0-365645 


(71)fflEA 000005016 








C22>iHSB 


^10^12^228 (1998. 12.22} 








(72>|£«# 


















(74)ft3!A 100079119 












F£-A(##) 5P041 AA33 AA44 CA34 CA65 DAQ4 






5F073 AA13 AA45 CA07 CB05 DA05 






DA25 EA28 



(54) [SSEO-fc*] #5J^W-ifR^(7)6!ig^ 



(57) [«*»] 

a^nit Lfc u-if«E««fltr -sis 

* - ><D A Y y 4 * 7 9 KHRtt^** =« > * 

5? he±e^fi£f6Xf£i. AH-f :rt5ffirKfeftfc 



B ^30 




http://www6.ipdljpo.gojp 08.05.02 



Seite 1 von 1 



PK?«J:BOtt±K:Sffi«:^r*XSi, *S*c i 
«-.ln,N(OixiI, 0£y£ i > &&$&tfZ 

r. 

[I6*W5] fiflau— tf^ifiJSAS (a |,Ga,.J 
-In.N (0<x^l. OSy* 1 > 

[ 0 0 0 n 
[0002] 



10 



20 



30 



40 



0) «»2 0t)0- 18 844 0 

2 

*e£aftV4 «SHtflMBle»SHCIS«*u 

t 0 0 0 3 ] SifctSAW*©S6*H:m<33$ 7 ? 
[0004] 

( o o o 5 l-ecr, u- ^ y 9 nxv^j 
[0006] -ecr*. *»wrt* % ^t>^. >;?>y ^ 

[0 00 7] 

f*M© F^S^f^ 3 > 4? ^ u 



htt P^www6Jpd]jpo.gojp/tjcontentlrnsJpdl?N0000=21&N0400= 



image/gif&N0401=/NS/ 08.05.02 



Seite ] von 1 



C3) 



10 



. mis* h ^ 4 y^xm^titc >? 7 9 K«two 
[0 00 3] *w©«i*u-ir&i« 7 ^fc t4r 

t*. H'JIEU— t^'^S^ (AI > Ga l .,) 1 .Jn.N 
[ 0 0 0 9] *»I4>4M£I* U-tf«. l — tf-WaUBJz 

[0010] 

£>A 1 GaN<5^ ? Kg 3. nfiGa NO*-f KJB 
4. I n Ga N<Z>'i2ifiJ§5 . pS/CaNW^'Kg6S 

Wt/Tl-*. u-irtKHa (A I « Ca t .. } ,. ( | n , 
N <0Sx* 1. 0£y< i) ti«»4tS?ir* 

s tifciWF fssp i 4 i c tthfrhum* u h 

fc. '^^h7^7 l 5OT*Jbflj»£:i*p3SGa N 
On > * * h « e & h ? -f 2 «E4 0 iM& 

&z ft. s ^>ic-e^±tc P mug 3 o nr c . 

[0011] CCD'J *y»*i»ttu-ifl*, U— tfte& 

A 1 N («|£A) :, S5 w/cnK 

A IN OttA) lf7 w/cmK 

S ' °' 0.014 W/cmK 

GaN (mtiA> i.3 K/aBK 



40 



W32000-1 8 8440 

xtv-cy'l 5^tr<I«)ii^S2 l Biu^ 9 * 
<a*or, cntcj:o*3WaBfrf*3Cf »^€>fti;r 

I o o i 2 ] im&frmz 1 

G a , . % N ©ft* yf£*J o 7 x > y r<f I 'IR 0 / g£ L 
l**«BOiM>*i»Snttir». HWC. A |,Ca,.iN 
OfcS. A I Ga A hb^2<0i@ftl<f:^ 

[0013] f*£*0*I«E>ii^g2 1 *MA1*S i O 

3Wfi^rm. < o. o 1 4 w/oiK) c?>r. 

^«-rI#«cffi*«4. GaNOIt^&iiS. 6x 

«*f*^$r^* (i. 4 6ftj^> ©r, bk«s^ 

[o 0M]*cr, *«wo*«f*b— ?frtt. ^ 
a©A i nu£<oa i N€£jDt»^r^Mteii»r4 

M2 1 ^^A«c©r, U«tf«iar*eA I G a NaC 
[0015] 

[*1 ] 



30 



5 xjo- 



2.15 

1.46 
2.S 



hUp://wwvv6.ipdl J po.goJp/t J conte„Urns,pdl?N0000=2l&N0400=in 1 a^if& nR m 



Seite I von 1 



looiciat, tt*a*s2i*AiN**<,»fc* 

0. GaNJrOS6WM**oS , 0,J:9«K«t« 
, &ttcfc££*CDfc£>^Msn£ 0 a l (Ml* 

OTtttt, «W>ii*«2 1 ^/( 9 ^^M« 
[0 0 1 7] UTK. *&^ c j:**:7 y ^ r gfg ± ^ 

**. 7ima4§aft&. ^ nS2 , 

CaNOa««B8«2 1 nSSA I Ga NO* 5 , Kj» 
3. nfiCaNWF^, lnGaN(0^5 
pSGaNWO-JSe. P^AIGaN^^^KS 
7. £L> p35!GaN<Dro** ^gg^ CO«r^3« 

BVnfiOaNOtttt«8*2CE)nccAI N/f 9 7TJ> 
[00 18] m* K-^o/clBtteoiSWjft 

[0 0 19] ate, HMK^TJ:^;:. N."S9^ 

(R I E ) tc<t o F7«/x.9?-:;?£f7//.,t' us a 

IGaN0^7K«3* ttfcfeGT nttG a NO^ 
tH»2«:»|J«1t*. 7* 

^^^^ ^*c>' p wsftaatwc n MffiESpt * 

[0 02(3] a«c. BOCCiRTJVe. 7x hU^ F 
1 7 a SON i ©»2Sg40t^^i( / tC 1 a # 



10 



20 



30 



40 



(4) W32000-I 88 4 4 0 

6 

[oo2i)»cc, H7cc«ri:^. easa^^^ 

* F 7 * Zf 1 5 f>» 2 tS& 4 0 i G A 5 cr * a 
*cc, S8cc^fJ:^(c, 7* buy 

*U NiO»2«B4 0acXnfflGaN«0«ti8^ 
2<D-&£25tiJ£ti£ o ~ 

[0022 jjxg . a s ic *r « ie . ' m ofc v , m 

- 2 «fi4-0±«« p OWc^C r A u^)js 

r. nMfisiofciMec*. T.. AuOJttcftOtt 

*"»GaN©a««ttB2±ccssa»or -en* 

[@ffiCD|Erm/lSa^] 

[03] *^KJr*jtttWEWNSf*u-tfo«ai« 

[05] ^WicJr^.^teWo^iSfti.-waais 

[06] *^«Ci:&*|tiflo4Ul>(»u-tr<DWax« 
[07] ^J:^^^^^^^ 

[08] J: «M«flK>««N: t^OSSXfi 

[^SS^CDJr^Oljl^] 

3 nS2A I G a NOi?7 7 K/g 

4 n55!Ga WOtfj Klg 

5 InGaNcDfsflS 

6 pSGaNco^V Kfs 

7 p32!A I G a NO^ ? pjg 

8 P&Ga N<£>3>** h/s 
I 4 MfJ^iflgp 



so 15 »; 7 h - ^ y 



hup:// ^iPdljpo. g ojp/, j co„ tt nu,„ S ,pdl? N 0000-2 I& N0400=ima 8 e/ E if & N040 1 =/N S , n»n, 



0? 



Seite I von 



1 5 a ^Jg±S*c 

1 7 a, 17b U^x 

2 1 



(5) 



* 3 o . 3i pmmm 

4 0 ^2^fii 



4*53 2 0 0 0- 1 8844 0 
s 





[03] 




[04] 




[05] 



17, 




[06] 




[07] 




31 



[08] 

/If. 
I— 



//www6.ipdI.jpo.go.jp/tjcontenttrns.ipdl?N0000=2 1 &N0400= 



image/gif&N0401=/NS/ 08.05.02 



Seile 1 von 1 



(6) 



[09] 



#032 0 0 0- 1 884 4 0 




http://u^6.ipd!jpo.gojp/tjcontennrns.ipdl?N0000=21&N0400=image/ 8 if&N0401=, 



/NS/ "08.05.02 



DOCKET NO: fZeof. ocrs 

SERIAL NO: 

APPLICANT: tforlt e/^ c 
LERNER AND GREENBERG RA. 

RO. BOX 2480 
HOLLYWOOD, FLORIDA 33022 
TEL (954) 925-1100 



